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ABSTRACT 


A  wideband,  circularly  polarized  antenna  system  ha",  been  developed 
for  use  on  spin-stabilized  synchronous  satellites.  The  satellite  is  assumed  to 
be  a  right-circular  cylinder  of  84-in.  diam  and  77. 1-in.  height.  The  antenna 
consists  of  two  circular  arrays  of  12  radiating  elements  equally  spaced  around 
the  circumference  of  the  satellite.  The  axial  spacing  between  the  two  arrays 
is  40  in.  The  basic  radiating  element  is  a  crossed  dipole  with  flat  open  sleeves, 
and  the  VSWR  is  less  than  2.  5:1  over  a  1,  8:1  frequency  band  (225  to  400  MHz). 
Both  the  dipoles  and  sleeves  are  of  wire-grid  construction  for  minimization 
of  solar  cell  shadowing.  The  electrical  performance  of  the  antenna  is  established 
on  the  basis  of  half-scale  model  measurements.  It  is  shown  that  the  antenna 
can  provide  an  EOE  gain  (gain  in  the  direction  of  the  edge  of  the  earth)  of  more 
than  y.  3  dB  from  225  to  250  MHz  and  at  least  8.  5  dB  from  250  to  400  MHz. 
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I.  INTRODUCTION 


The  objectives  of  this  study  were  the  development  and  experimental 
demonstration  of  the  RF  feasibility  of  a  wideband,  circularly  polarized 
antenna  system  for  use  on  spin-stabilized  satellites  at  synchronous  altitude. 
The  antenna  system  is  required  to  operate  over  a  frequency  range  of  225  to 
400  MHz,  and  sufficient  antenna  gain  must  be  provided  in  the  direction  of 
the  edge  of  the  earth  (EOE).  The  general  electrical  performance  require¬ 
ments  are  summarized  in  Section  IIA. 

The  satellite  is  assumed  to  be  a  right-circular  cylinder  of  84-in. 
diam  and  77.  3-in.  height.  In  order  to  meet  the  bandwidth  and  gain  require¬ 
ments,  the  recommended  antenna  configuration  is  a  two-bay,  circular  array 
of  open-sleeve  dipoles.  Each  array  consists  of  12  elements  equally  spaced 
around  the  circumference  of  the  satellite,  and  the  axial  spacing  between  the 
two  arrays  is  40  in.  Since  the  entire  surface  of  the  satellite  is  covered  with 
solar  cells,  shadowing  of  the  solar  cells  by  the  antenna  must  be  minimal. 

For  this  reason,  the  dipoles  and  sleeves  are  of  wire-grid  construction. 

Clear  quartz  is  recommended  for  the  sleeve  and  dipole  supports. 

A  half-scale  model  was  used  for  evaluation  of  the  electrical  perfor¬ 
mance  of  the  antenna.  Pattern  and  directivity  measurements  were  made 
over  the  450  to  800  MHz  frequency  band.  An  axial  dipole  spacing  of  20  in. 
and  a  dipole -to -reflector  spacing  of  5  in.  were  used  for  most  of  the  measure¬ 
ments.  However,  measurements  were  also  made  with  other  spacings  in  an 
effort  to  optimize  the  array  performance.  Results  of  these  measurements 
are  discussed  in  Section  III.  On  the  basis  of  the  measured  pattern  and 
directivity  characteristics  of  the  half-scale  model,  the  electrical  perfor¬ 
mance  of  a  full-scale  antenna  has  been  projected,  and  the  results  have  indi¬ 
cated  satisfactory  compliance  with  the  specified  gain  requirements.  The  EOL 
gain  is  greater  than  9.  3  dB  from  225  to  250  MHz  and  at  least  8.  5  dB  from 
250  to  400  MHz.  A  detailed  discussion  of  the  full-scale  antenna  configuration 
is  given  in  Section  IV. 
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II.  DESCRIPTION  OF  ANTENNA  SYSTEM 

A.  REQUIREMENTS  AND  DEVELOPMENT  CONCEPT 

The  proposed  antenna  system  is  intended  for  use  on  spin-stabilized 
satellites  that  operate  at  synchronous  equatorial  orbit  with  the  spin  axis 
parallel  to  the  earth's  North-South  pole.  As  previously  mentioned,  the 
spacecraft  is  assumed  to  be  a  right-circular  cylinder  of  84-in.  diam  and 
77.3-in.  height.  Because  the  entire  cylindrical  surface  is  covered  with 
solar  cells,  minimal  shadowing  of  the  solar  cells  by  the  antenna  is  an 
important  consideration. 

The  antenna  is  an  electronically  despun  antenna,  and  there  are  no 
strict  requirements  on  the  antenna  beam  shape  and  sidelobe  levels.  How¬ 
ever,  the  gain  levels  must  be  met  and  circular  polarization  is  required. 
The  gain  specifications  at  the  earth's  limb  for  the  antenna  system  are  given 
in  Tabic  1.  The  gain  includes  all  the  losses  associated  with  the  antenna 
system  but  does  not  include  the  diplexer  losses. 


Table  1.  Antenna  Gain  Specifications 


F  requency, 

MHz 

Gain  at  Earth's  Limb, 
dBi 

225-250 

9.  0 

250-400 

6.  0 

250-350 

6.  0  minimum 

The  antenna  configuration  is  an  array  of  crossed,  open-sleeve  dipoles 
capable  of  electronically  switching  the  beam  through  24  different  positions 
equally  spaced  around  the  satellite's  equator.  Twenty-four  crossed  sleeve  - 
dipoles  are  arranged  to  form  two  circular  arrays  of  12  elements  equally 
spaced  about  the  circumference  of  the  satellite.  The  two  circular  arrays 
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arc  spaced  40  in.  aoart  in  the  axial  direction.  The  antenna  beam  is 
electronically  despun,  and  only  a  ?.  X  2  array  is  excited  at  any  one  time, 

The  dipoles  are  fed  in  a  similar  manner  as  in  the  LES-6  antenna  system 
(Refs,  1  and  2).  When  two  adjacent  pairs  (2X2  array)  of  crossed  dipoles 
are  excited,  a  directive,  circularly  polarized  radiation  pattern  is  formed 
with  the  beam  peak  normal  to  the  spin  axis.  By  means  of  electronic  sequen¬ 
tial  switching  and  phasing,  as  in  the  J.ES-6  system,  the  lu-am  is  scanned 
through  24  equally  spaced  position.  A  sensor-controlled  switching  logic 
points  the  beam  toward  the  earth  as  ihe  satellite  rotates.  In  order  to  obtain 
two  beams  from  two  adjacent  antennas,  a  difference  of  phase  is  applied 
between  the  Signals  at  the  two  antennas.  By  reversing  the  phases  of  the  two 
antenna  signals,  the  beam  can  be  scanned  to  another  position.  By  succes¬ 
sively  switching  .i  phase  delay  between  the  antennas,  <• .  g  .  ,  *  2  t  deg,  a  beam 
can  he  generated  ever\  1  '  deg.  No  adi.o  ent  pair  is  ever  fed  in  phase 
because  the  proper  delay  is  inserted  to  scan  the  beam  ±?.T>  deg  about  the 
in-phase  position.  The  two  beams  generated  trom  two  adjacent  antennas, 
the  beam  switching  locations,  and  tin*  beam  positions  relative  to  the  earth 
are  shown  in  Fig.  t.  The  KOH  position,  which  is  S.  (d>  deg  from  the  center 
of  the  earth  for  a  synchronous  orbit,  is  also  shown. 

As  in  the  J.ES-f>  system,  the  antenna  system  can  he  provided  with  a 
fail-safe  mode  ot  operation.  Provisions  are  made  for  switching  the  antenna 
to  yield  an  omnidirectional  pattern  in  the  event  of  tailuro  in  ‘lie  sensing, 
logic,  and  switching  circuitry.  System  gain  would  naturally  be  less  (8  to 
10  fill)  than  normal.  However,  certain  coinmunieat  ion  links  can  still  be 
provided  between  tin-  satellite  and  the  high-performance  terminals. 

B.  SATELLITE  AND  ANTENNA  MOPKl, 

The  RF  performance  characteristics  o'  the  antenna  were  evaluated 
with  the  use  of  a  half-scale  model.  Figure  2  is  a  photograph  of  the  satellite 
model  with  open-sleeve  dipcles.  The  model  is  a  right -ei  rcula  r  cylinder 
of  42-in,  diam  and  38,7-in.  height  and  is  covered  with  a  periorated  aluminum 
sheet. 
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Wideband  impedance  and  pattern  performance  were  obtained  with 
open-sJ.eevc  dipoles  (Refs.  3  and  4).  A  VSWR  response  of  less  than  2.  5:1 
was  obtained  over  the  225  to  400  MHz  band.  Sleeve  antennas  generally  have 
wider  pattern  bandwidth  chn  racte  ristic  S  than  conventional  cylindrical  (fat) 
dipoles  (Ref.  5).  In  the  present  system,  the  dipoles  and  sleeves  are  of 
wite-grid  construction  for  minimization  of  solar  cell  shadowing.  The 
crossed,  sleeve  dipoles  are  shown  in  I-'igs.  2  and  3. 


The  original  open-sleeve  antenna  reported  by  Ma  rkley  (Ref.  (>)  con¬ 
sisted  of  a  dipole  with  two  closely  spaced  parasitic  elements.  The  length 
of  the  parasites  (sleeves)  was  approximately  one-half  that  oi  the  center- 
fed  dipole.  An  experimental  study  (Ret.  5)  indicated  that  a  wide  variety  oi 
sleeve  eon  I  i  gu  ra  t  ions  can  be  used  without  any  degradation  in  the  VSWR 
response.  For  simplicity  of  construction,  a  flat  sleeve  arrangement  was 
selected  for  this  study.  The  flat  wire-grid  const  ruction  and  tin-  Styrofoam 
sleeve  supports  are  shown  in  Figs,  2  and  i. 

The  const  rue  l  ion  details  lor  the  crossed,  open-sleeve  dipoles, 
dielectric  supports,  and  balun  are  given  in  Fig.  4.  The  wire -grid  assembly 
consists  of  0.  02l>-;n.  diam  steel  wires  spot -welded  together  and  subse¬ 
quently  silver  plated.  This  const  ruction  simulates  a  solid  metallic  surface. 
Tile  effective  diameter  (Ref.  ?'  fa  wire-grid  dipole  can  be  expressed  as 
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d  -  diameter  of  the  wire  "cage" 
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Figure  3.  Cluseup  View  ol  Crosseci,  Open -SI eevo 
Dipoles 
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Figure  1.  Half-Seale  Model  of  Crossed,  Open-Sleeve  Dipoles 
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Thus,  the  effective  diameter  of  the  dipole  shown  in  Fig.  4  is  0.481  in. 

The  number  of  wires  used  in  the  flat  sleeves  was  determined  experimentally 
by  noting  the  change  in  VSWR  response  when  wires  were  added  to  or  removed 
from  the  sleeves. 

The  feed  line  for  the  dipole  (Fig.  4)  is  a  copper-clad,  0.  141 -in.  diam, 
semirigid  coaxial  cable.  The  balanced  line  of  the  balun  is  also  a  length  of 
this  semirigid  cable  but  without  the  center  conductor.  The  short  circuit  of 
this  line  is  coincident  with  the  reflector  surface.  The  dipoles  are  screwed 
into  the  feed  terminals,  and  the  sleeves  are  supported  by  Styrofoam. 

The  polarizer  unit  used  to  achieve  quadrature  phase  relations  between 
the  orthogonal  dipoles  consisted  of  a  wideband  hybrid  (An/.ac  Electronics, 

Model  No.  11-8)  and  a  QO-deg  phasing  cable  cut  for  each  of  the  test  fre¬ 
quencies.  (Wideband  quadrature  hybrids  were  not  available  for  the  experi¬ 
ments.  )  Four  crossed  dipoles  (2x2  array)  were  fed  simultaneously  through 
a  corporate  feed  structure  as  shown  in  Fig.  5.  For  reference.  Fig.  5 
also  show's  the  relative  positions  of  the  antenna  elements  and  the  coordinate 
system  used  in  the  measurements. 

The  feed  for  each  dipole  is  considered  to  be  from  the  feed-input  port 
to  the  dipole-balun  port.  The  measured  insertion  loss  characteristics  are 
shown  in  Fig.  6.  The  data  points  represent  the  average  loss  as  detected 
at  the  eight  dipole-balun  ports;  the  bars  represent  the  peak  deviation  of  the 
measurements.  The  true  feed  network  insertion  loss  is  detined  as  the  measured 
power  transfer  less  the  9  dB  associated  with  the  cascading  of  three  3  -  cl  13  power 
dividers.  The  input  VSWR  to  the  feed  network  wdien  the  eight  dipoles  were 
connected  according  to  Fig,  5  is  shown  in  Table  2. 

Table  2.  Feed  Network  Input  VSWR 


F  rcquenc) , 
MHz 

VSWR 

450 

1.15 

500 

1  .  26 

600 

1 . 20 

700 

1.25 

800 

1  .  36 
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For  most  of  the  measurements,  the  axial  spacing  between  the  dipoles 
on  the  model  was  20  in.  (40  in,  full-scale).  Some  data  were  also  obtained 
with  spacings  of  18  and  22  in.  Normally,  the  dipole -to -satellite  spacing 
was  5  in.  (10  in.  full-scale).  However,  some  measurements  were  also 
made  with  spacings  ranging  from  4.  31  to  6.25  in.  A  length  of  RG-58/U 
cable  was  used  to  provide  the  phase  delay,  and  a  relative  phase  of  25  deg  at 
225  MHz  was  used  between  the  elements  in  the  azimuth  <p  plane. 


Figure  6.  Insertion  Loss  of  Antenna  Feed  Network 
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III.  RESULTS 


A.  PATTERNS  AND  DIRECTIVITY 

i.  20-IN.  AXIAL  DIPOLE  SPACING  AND  5-IN.  DIPOLE- 

TO-REFLECTOR  SPACING 

The  measured  radiation  patterns  in  the  equatorial  (azimuth)  and  polar 
(longitudinal)  {.lanes  of  the  satellite  are  shown  in  Figs.  7  through  11.  For 
these  measurements,  the  axial  spacing  between  dipoles  was  20  in.,  the 
dipole -to- reflector  spacing  was  5  in.  ,  and  the  azimuth  phasing  cable  was 
equivalent  to  25  deg  at  450  MHz. 

The  patterns  were  measured  in  an  anechoic  chamber  (Ref.  8)  with  the 
transmitting  antenna  comprised  of  a  6- ft  diam  parabolic  reflector  located  at 
the  tapered  portion  of  the  chamber  (Fig.  2).  The  parabola  was  illuminated 
with  a  conventional  sleeve  dipole  (Ref.  5)  feed  mounted  in  a  cylindrical  cup 
(Ref.  9)  such  that  the  E  and  H  plane  patterns  were  equalized.  The  dipole  was 
rotated  at  a  speed  of  60  to  80  rpm  as  the  patterns  were  recorded.  This 
provided  a  measure  of  the  axial  ratio  of  the  test  antenna  at  all  aspect  angles. 

The  response  to  a  circularly  polarized  wave  can  be  obtained  from  the 
pattern  recordings  by  taking  the  RMS  value  of  the  maximum  and  minimum 
amplitudes  (major  and  minor  axis  of  the  polarization  ellipse)  at  each  aspect 
angle.  The  half-power  beamwidth  (HPBW)  of  the  patterns  for  a  circularly 
polarized  wave  are  shown  in  Fig.  12.  The  data  points  represent  the  average 
values  of  three  to  seven  measured  patterns;  the  bars  represent  the  maximum 
deviation.  The  p  pattern  shows  an  increase  in  the  HFBW  at  700  MHz.  This 
is  believed  to  be  due  to  a  "resonance1'  effect  caused  by  the  arrangement  of 
the  sleeves.  This  resonance  effect  would  occur  at  other  frequencies  if  other 
sleeve  configurations  were  used. 

Gain  measurements  were  made  on  the  half-scale  model  by  using  the 
substitution  method.  In  this  method,  the  satellite  antenna  is  compared  to  a 
"standard  gain"  antenna,  which  is  a  corner  reflector  with  a  feed  dipole  tuned 
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for  each  of  the  test  frequencies  to  yield  a  VSWR  of  less  than  1.2:1.  Two 
mechanically  identical  corner  reflectors  were  made  for  each  of  the  test 
frequencies  and  calibrated  on  an  outdoor  antenna  range  by  using  the  two- 
antenna  method.  Measurements  were  obtained  for  several  different  dis¬ 
tances  between  antennas .  The  standard  deviation  was  less  than  0.15  dB. 

A  typical  corner  reflector  that  was  used  as  the  reference  antenna 
is  shown  in  Fig.  13.  For  each  gain  measurement,  the  reference  signal 
was  recorded  with  (he  corner  reflector  mounted  as  shown  in  Fig.  14.  The 
corner  reflector  was  removed  when  the  signal  from  the  lest  ante  'na  was 
being  recorded.  Care  was  taken  to  ensure  that  the  phase  center  of  the 
satellite  antenna  assumed  to  be  at  the  surface  of  the  cylinder)  and  the  cor¬ 
ner  reflector  were  located  the  same  distance  I  rotn  t  he  transmitting  antenna. 

At  each  test  frequency,  the  gain  was  measured  at  three  different  range 
distances,  at  two  satellite  positions  [  t  /.  axis  pointing  to  the  east  and  then  to 
the  west),  and  with  tile  transmitting  antenna  pola  r  i /.at  ion  aligned  along  the 
major  axis  of  the  polarization  ellipse.  1  hi.->  procedure  wan  repeated  with 
the  polarization  aligned  with  the  minor  axis  of  the  polarization  ellipse.  I  bus, 
each  data  point  for  a  given  frequency  represented  the  average  of  12  mea¬ 
surements.  Correction  factors  were  used  to  normalize  the  gain  o.  the  satel¬ 
lite  antenna  with  respect  to  a  circularly  polarized  wave  source  since  linearly 
polarized  transmitting  and  reference  antennas  were  used.  Independent  gain 
measurements  were  made  as  the  experimental  program  proceeded  in  order 
to  obtain  a  good  estimate  of  the  mean  gain  and  its  variance.  These  measure¬ 
ments  were  made  under  the  following  conditions:  (1)  with  cables  disconnected, 
then  reconnected,  (2)  with  other  groups  of  dipoles,  and  (3)  with  both  of  the 
calibrated  reference  antennas.  These  different  conditions  together  with 
repeated  measurements  provided  sufficient  data  for  determination  ot  a  mean 
value  for  the  gain. 

The  results  of  the  array  gain  measurements  arc  shown  in  Fig.  15. 

The  data  points  (circles)  represer  the  mean  values  for  each  frequency,  the 
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Figure  15,  Measured  Gain  of  Array  Referenced  to  Feed  Network  Input 


bars  represent  the  scatter  of  the  data,  and  X  represents  the  standard  deviation 
s^.  The  curve  is  a  fourth-order  polynomial  equation  least  squares  fit  to  the 
data.  The  standard  deviation  of  the  hest-fit  curve  is  0.3  dB;  n  indicates  the 
number  of  samples  used. 

The  measured  directivity  was  determined  by  adding  the  feed  network 
loss,  which  is  the  loss  from  the  feed  input  to  the  balun  terminal,  and  the  mis¬ 
match  loss  to  the  measured  gain.  The  network  loss  is  shown  in  Fig.  6.  The 
mismatch  loss  was  determined  from  the  VSWR  of  an  individual  dipole  looking 
into  the  balun  terminals  (Section  I1IB).  The  measured  directivity  is  shown  in 
l'ig.  16.  I  he  RSS  value  of  the  variances,  i.e.,  reference  antenna  calibration 
(0.2  dB.  hi),  feed  network  losses  (0.1  dB.  It),  mismatch  losses  (0.1  dB,  hr), 
and  the  array  gain  measurements,  was  used  lo  obtain  a  \alue  of  0.30  dB  for  the 
overall  deviation  of  the  measured  directivity. 

The  directivity  was  also  obtained  by  numerical  integration  of  the  mea¬ 
sured  radiation  patterns  over  4r  sterad .  ’’Conical  cuts,  "  i.e.,  patterns 
defined  by  E(0  =  0j,  <p),  were  made  in  5-dog  increments  of  0  to  obtain  the 
volumetric  radiation  pattern  ot  the  array.  The  directivity  can  be  calculated 
from 


4  iT 

D=7z^r-7 - ; -  u) 

/  /  E^tO,  p)sin  0  cl 0  do 

vo  Jo 

The  antenna  directivity  computed  by  graphical  integration  of  a  set  of  radiation 
patterns  is  shown  in  l'ig.  17. 

flic  difference  between  the  measured  and  computed  directivity  is  con- 
slcIc  d  to  be  the  lo‘  s  in  Uie  antenna  element.  This  loss  can  be  attributed  to 
the  -.ipole,  sleeves,  balun,  reflector,  anrl  other  unaccountable:  factors.  On 
the  average,  the  antenna  loss  is  0.28  dB. 

The  computation  of  directivity  by  graphical  integration  of  the  measured 
radiation  patterns  is  a  time-consuming  task.  It  requires  approximately  6  hr 
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Figure  16.  Measured  Directivity  of  Array 
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DIRECTIVITY,  dBi 


Figure  17.  Directivity  Determined  From  Integration  of  the 
Measured  Radiation  Patterns 


oi  pattern  measurements  in  addition  to  the  time  required  for  data  reduction. 
Therefore,  a  more  simplified  procedure  for  obtaining  a  rapid  estimate  of 
the  directivity  is  desirable.  A  reasonable  approach  is  the  use  of  the  patterns 
in  the  two  principal  planes,  i.e.  ,  E(0,  <f>  -  <p^)  and  E(0  =  90°,  <f>),  where  <p ^  is  the 
angle  of  maximum  intensity  in  the  equatorial  plane.  The  antenna  directivity 
can  be  approximated  (Ref.  4)  by 


D 


=  dvdh 


(2) 


where 


(0,  0  =  <p^) sin  0  d0 


(3) 


and 


°H  =  f  2 it  ?  . _ 

Jo  E  (0  =  90  ,  <p)d<p 

where  the  pattern  is  normalized  to  the  beam  peak.  Dy  is  the  directivity 
enhancement  in  the  "vertical"  plane  pattern  as  if  the  azimuthal  pattern  were 
omnidirectional,  and  is  the  enhanced  directivity  in  the  "horizontal"  plane 
since  the  array  pattern  is  not  omnidirectional.  This  approximation  is  based 
on  the  assumption  that  the  0  plane  patterns  are  independent  of  the  angle  <p  and 
vice  versa.  Experimental  data  have  indicated  that  the  relative  shape  of  the 
0  plane  patterns  are  fairly  close  for  various  angles  of  <j>  in  the  major  portion 
of  the  main  beam,  i.e.,  E(6,  0  =  ^)*C  E(0,  0  =  02),  where  C  is  a  constant, 
and  <j> j  and  02  are  confined  to  within  10  dB  of  the  main  beam  peak. 

The  directivity  as  compared  with  the  integration  of  the  measured  pat¬ 
terns  over  4ir  sterad  is  shown  in  Fig.  17  based  on  the  approximation  of  Eq.  (2). 
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The  comparison  is  within  0.7  5  dB  and  averages  0.44  dB.  The  values 

for  each  frequency  were  derived  from  the  integration  of  a  number  of  patterns 
(a  minimum  of  four).  The  average  standard  deviation  of  ail  the  mean  values 
is  0.2  dB;  the  highest  is  0.  36  dB.  This  procedure  yields  fairly  accurate 
results  for  rapid  estimation  of  the  directivity.  In  many  cases,  only  the 
principal  plane  patterns  arc  available. 

The  EOE  gain  is  the  important  factor  for  the  systems  engineer  in 
determining  the  power  budget.  In  the  polar  plane,  the  decrease  in  anienna 
gain  8.65  deg  from  the  beam  peak  is  considered.  In  the  equatorial  pLane, 
the  EOE  is  considered  to  be  8.65  deg  away  from  the  two  beam  switching  posi¬ 
tions  (Fig.  1),  i.e.  ,  0  -  -  8.65  and  +  23.65  deg.  The  measured  EG£  correction 
(decrease  in  gain  from  the  beam  peak)  values  for  the  two  planes  are  shown  in 
Fig.  18.  The  vertical  bars  represent  the  scatter  of  the  data.  The  mean  value 
for  each  frequency  is  also  shown.  A  second-order  leas t -  s quar e s  fit  curve  is 
plotted,  and  the  standard  deviation  from  the  best-fit  curve  is  shown  in  each 
plot.  For  comparison,  the  theoretical  EOE  ripple  is  shown  as  the  solid  curve. 
The  EOE  directivities  derived  from  the  measured  directivity  and  the  experi¬ 
mental  EOE  ripple  are  plotted  in  Fig.  19.  The  standard  deviation  of  the  best 
estimate  of  the  EOE  directivities  is  noted  on  each  curve.  This  was  obtained 
by  taking  the  RSS  value  of  che  standard  deviation  of  both  the  measured  direc¬ 
tivity  and  the  EOE  ripple. 

2.  OTHER  DIPOLE  SPACINGS 

In  this  section,  the  performance  of  the  array  is  described  for  dipole-to- 
reflectoi-  spacings  of  5.5  and  6  in.  and  an  axial  spacing  of  20  in.  ,  and  for  a 
dipole -to  -  re  flecto  r  spacing  of  5  in.  and  axial  spacings  of  18  and  22  in.  The 
pertinent  pattern  and  gain  characteristics  with  respect  to  a  circularly  polar¬ 
ized  source  are  presented. 

The  radiation  pattern  characteristics  for  dipole -to -  reflector  spacings 
of  5.5  and  6  in.  and  an  axial  spacing  between  dipole  elements  ol  20  in.  arc 
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Figure  18.  Measured  and  Computed  EOE  Correction  for  Equatorial 
and  Polar  Planes  for  a  Dipole-to-Reflecto.  Spacing  of 
5  in.  and  an  Axial  Spacing  of  20  in. 


shown  in  Figs,  20  through  22.  The  measured  patterns  in  the  polar  and 
equatorial  planca  arc  shown  in  Figs.  20  and  2i,  respectively.  The  half¬ 
power  beamwidths  are  shown  in  Fig.  22.  For  comparison,  the  pattern  char¬ 
acteristics  for  a  dipole -to -reflector  spacing  of  5  in.  are  also  shown. 

Larger  dipole-to-reflector  spacings  were  also  investigated  for  improve¬ 
ment  in  the  VSWR  of  the  dipole  elements.  The  element  pattern  beamwidth  is 
wider  because  the  dipole-to-reflector  spacing  is  larger  than  0.25N.,  which  is 
the  point  where  beam  bifurcation  begins  to  occur.  An  improvement  in  the 
VSWR  was  obtained  (Section  IIIB),  but  no  significant  change  was  observed  in 
the  gain  and  beamwidth  characteristics  at  the  low  end  of  the  frequency  band. 

The  beamwidth  increased  slightly  at  the  high  frequency  end,  thus  decreasing 
the  EOE  ripple.  However,  this  was  offset  by  the  decrease  in  directivity  that 
was  caused  by  the  increased  sidelobe  levels.  The  measured  directivities  are 
shown  in  Fig.  2  2. 

Figures  20  through  23  show  that  there  arc  no  significant  changes  in 
pattern  and  directivity  characteristics  at  the  low  end  of  the  frequency  band 
because  the  clement  pattern  beam  bifurcation  is  not  prominent.  However,  at 
the  higher  frequencies,  where  the  dipole -to-rcflector  spacings  are  0.  37\ 

(5.5  in.)  and  0.41X.  (6  in.)  at  800  MHz,  a  noticeable  split  is  shov.i.  in  the  ele¬ 
ment  patterns  (Ref.  10).  This  causes  a  wider  array  beamwidth  and  increases 
the  sidelobe  levels.  The  sidelobe  level  change  is  shown  in  the  patterns  for 
both  the  polar  and  equatorial  planes  at  800  MHz.  At  450  and  600  MHz,  only 
the  spacing  patterns  at  6  in.  were  plotted  for  comparison  with  those  at  5  in. 

It  should  be  noted  that  the  excessive  loss  in  gain  was  predominantly  due  to 
the  increased  sidelobe  levels  rather  than  the  increased  half-power  beamwidths. 

The  measured  half-power  beamwidths  for  axial  spacings  of  18  and 
22  in.  anrl  a  dipole -to -rcflecto r  spacing  of  5  in.  arc  shown  in  Fig.  24.  With 
a  change  in  the  axial  spacing,  only  minor  perturbations  would  be  expected 
in  the  O  plane  pattern.  However,  the  G  plane  would  be  expected  to  show  the 
measurable  pattern  changes.  The  predicted  gain  change  is  only  a  few  tenths 
dli  from  tin-  nominal  20  in.  spacing  as  illustrated  in  Fig.  25,  which  is  a  plot 
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of  Dy  as  a  function  of  the  axial  spacing,  where  Dy  is  the  directivity 
enhancement  in  the  6  plane.  Dy  was  computed  from  Eq.  (3)  with  the  use  of 
the  measured  element  patterns  (Section  1IIA3).  Because  of  the  variance  in 
the  gain  measurements,  the  chance  of  detecting  a  change  of  ±0.25  dB  with  any 
significant  degree  of  confidence  would  require  many  measurements.  There¬ 
fore,  gain  measurements  were  not  attempted.  However,  the  differential 
gain  can  be  established  experimentally  by  determining  Dy  from  the  integra¬ 
tion  of  the  measured  radiation  patterns.  In  Table  3,  the  ADy  values  as 
determined  from  Tig.  25  are  compared  with  those  from  the  measured  Dy 
values. 


Table  3.  Comparison  of  Computed  and  Measured  ADy 
for  Axial  Spacings  of  18  and  22  in. 


F  requcncy , 
MHz 

Measured 

Dy,  dB 

ADy, 

dB 

18  in. 

22  in. 

Mease  red 

Computed 

450 

4.98 

5.45 

+  0.47 

+  0.47 

600 

5.65 

5.3 

-0.35 

-  0.2  9 

800 

oc 

CD 

4.9 

+  0.05 

-0.12 

3.  COMPARISON  OF  MEASURED  AND  COMPUTED  DATA 

Patterns  in  equatorial  and  polar  planes  of  the  satellite  were  computed 
from  a  simplified  array  theory  by  using  the  measured  element  patterns  of  the 
wire-grid,  flat-sleeve,  crossed  dipoles.  In  this  section,  comparisons  are 
made  of  the  measured  and  computed  patterns,  EOE  ripple,  and  directivities. 
The  clement  patterns  were  measured  with  the  use  of  a  right -ci rcula  r  cylinder 
of  30-in.  diam  and  48-in.  height  instead  of  the  42-in.  diarn  satellite  model 
because  of  a  time  and  scheduling  problem  in  the  antenna  laboratory.  The 
cylinder,  which  was  available  from  previous  experiments,  was  covered  with 
1-in.  wire  mesh  netting  in  order  to  simulate  the  metallic  surface  of  the  satel¬ 
lite.  For  the  intended  objectives  of  the  study,  the  differences  in  the  element 
pattern  measured  on  a  42 -in.  and  a  30-in.  diam  model  were  not  expected  to 
significantly  affect  the  results  of  the  array  computations. 
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The  crossed,  open-sleeve  dipoles  (Fig.  3)  were  mounted  midway  along 
the  surface  of  the  cylinder  and  spaced  5  in.  from  the  metal  surface.  E  and 
H  plane  patterns  were  recorded  for  both  the  axially  and  transversely  mounted 
dipoles.  The  response  for  circular  polarization  was  derived  by  calculation  of 
the  RSS  value  of  the  two  measured  field  components.  For  example,  the  RSS 
field  in  the  azimuth  plane  is  given  by  >/Ej  +  e|  ,  where  E^  is  the  H-plane 
pattern  of  the  axial  dipole,  and  Is  the  E-plane  pattern  of  the  transverse 
dipole.  The  polar  plane  pattern  was  determined  in  a  similar  manner.  The 
element  patterns  of  the  crossed  dipoles  in  tile  azimuth  and  polar  planes 
are  shown  in  Figs.  26  and  27,  respectively.  It  is  interesting  to  note  that  the 
element  patterns  can  be  closely  approximated  by 

E  (0)  =  0.224  +  0.776  cos  1 ' 4 ' 30 . 7  So  ,  0  £  120° 

E  (0)  =  0.224  +  0.776  sin1'23©  ,  0  r  6  t  180J 

c 

These  mathematical  expressions  for  the  element  patterns  can  be  used  to 
simplify  the  calculations  for  the  array  patterns  and  directivity. 

The  equatorial  plane  patterns  lor  the  42-in.  diam  satellite  model  with 
two  antennas  mounted  30  deg  apart  are  shown  in  Fig.  28  based  on  the  element 
patterns  of  Fig.  26.  The  effects  of  mutual  coupling,  reradiation  from  the 
cylinder,  edge  effects,  and  the  radiation  phase  pattern  of  the  individual  ele¬ 
ments  were  neglected  in  the  computations.  The  array  pattern  is  given  by 

E(o)  =  Ec(o)eJka  COS  ^  +  Ee(30°  -  p)ej(ka  cosl30c -p)r  6) 

whe  re 


E  -  measured  element  patterns 
k  =  2 

a  -  phase  center  radius  (assumed  to  be  at  the  Surface 
of  .satellite ) 

6  =  phase  delay 


-38- 


1 


The  phase  delay  6  is  2  5  deg  at  450  MHz  and  since  the  phasing  section  is  a 
coaxial  cable,  the  phase  at  the  other  frequencies  corresponds  to  the  time 
delay  in  the  cable.  The  pattern  in  the  backlobe  region  is  not  shown  because 
computations  for  pattern  levels  15  to  20  dB  below  the  beam  peak  would  prob¬ 
ably  be  unrealistic  due  to  the  assumptions  that  are  made. 

The  experimental  data  points  plotted  in  Fig.  2  8  permit  comparison 
with  the  computed  patterns.  Relatively  good  correlation  is  shown  in  the  main 
lobe  and  the  sidelobe  levels.  The  angular  locations  of  the  minima  on  the  600 
and  800  MHz  patterns  indicate  that  the  choice  of  the  phase  centers  at  the 
satellite  surface  is  satisfactory.  For  the  five  patterns  shown  the  experimental 
points  have  an  average  standard  deviation  of  0.25  dB  within  3  dB  of  the  main 
lobe  peak  and  0.57  dB  in  the  remaining  portion  of  the  pattern.  The  standard 
deviation  increases  to  1.3  dB  in  the  low-signal  regions  of  the  patterns.  The 
data  points  are  the  average  of  from  three  to  seven  patterns  such  as  those 
shown  in  P  igs.  7  through  11.  They  represent  the  response  to  a  circularly 
polarized  wave  and  were  obtained  by  taking  the  RMS  values  of  the  maximum 
and  minimum  amplitudes  (major  and  minor  axis  of  the  polarization  ellipse) 
at  each  aspect  angle. 

The  radiation  pattern  in  the  polar  plane  (Fig.  29)  corresponds  to  that  of 
a  broadside  array  of  two  elements  fed  in  phase,  or 

E (0)  -  (0)  cos(~-  cos  0^  (6) 

whe  re 

e  -  angle  measured  from  the  longitudinal  axis  of 
the  satellite 

Ee(Q)  =  measured  element  pattern 

s  -  axial  spacing  of  the  elements 

The  experimental  data  points  are  superimposed  on  the  computed  polar 
patterns.  Good  correlation  is  shown  in  both  the  main  lobe  and  the  sidelobe 


levels.  The  experimental  points  have  a  peak  deviation  of  ±0.3  dB  in  the  main 
lobe  and  generally  within  ±0.5  dB  in  the  remaining  portion  of  the  pattern  except 
near  the  low -signal  region.  The  patterns  are  shown  for  the  angular  region  of 
0  =  0  to  90  deg  because  symmetry  exists  about  6  =  90  deg.  The  data  points 
represent  the  average  of  numerous  patterns  as  well  as  the  patterns  in  the 
range  0  -  90  to  180  deg.  The  patterns  were  measured  in  a  great  circle  cut 
through  the  azimuthal  beam  peak  generally  in  the  plane  that  contained  the 
angle  p  ~  5  deg. 

The  equatorial  plane  patterns  were  formed  by  the  excitation  of  two 
antennas  with  a  differential  phase.  Since  the  phasing  section  was  a  coaxial  cable, 
the  phase  varied  with  frequency.  The  radiation  pattern  "ripple"  or  the  gain 
decrease  in  the  EOE  direction  (relative  to  beam  peak)  at  the  switching  position 
is  the  factor  that  causes  a  severe  reduction  in  the  gain  for  the  p  plane.  The  EOE 
ripple  was  determined  from  the  equatorial  plane  patterns  of  Fig.  28.  The  EOE 
angles  that  correspond  to  switching  positions  SI  and  S2  occur  at  p  =  -  8.65  and 
t  23.65  deg  (Fig.  1).  The  computed  EOE  ripple  is  shown  in  Fig.  30  as  a 
function  of  the  phasing  between  the  two  elements  with  frequency  as  a  parameter. 
Optimum  condition  occurs  when  the  phase  delay  corresponds  to  the  intersection 
of  the  -  8.  65  and  +  23.  65  deg  curves  of  Fig.  30.  However,  since  the  phase  delay 
varies  with  frequency,  a  compromise  must  be  made  in  the  selection  of  the 
phasing  cable  length.  (The  designer  must  select  the  phase  that  provides  the 
optimum  performance  over  the  entire  frequency  band.)  A  comparison  of 
computed  and  measured  EOE  correction  values  is  given  in  Fig.  18  for  both 
the  polar  and  equatorial  planes. 

The  directivity  of  the  antenna  was  calculated  from  the  computed 
patterns  with  D  =  D,rDj^  as  described  in  Eq.  (2).  The  results  are  compared 
with  the  measured  values  in  Fig.  31. 

R.  VSV/R  AND  MUTUAL  COUPLING 

The  VSWR  characteristics  of  the  individual  open-sleeve  dipoles  in  the 
half-scale  model  were  measured  for  various  dipole  -to-reflector  spacings  and 
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Figure  30.  Computed  Decrease  in  Gain  at  the  I\vo  FOE 
Positions  for  Equatorial  Plane  Patterns  as 
a  Function  of  Phase  Delay 
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an  axial  dipole  spacing  of  20  in.  The  crossed  dipolc-pair  NV^  and  NH^ 

(Fig.  5)  was  selected  for  these  measurements  and  all  other  dipoles  in  the 
array  were  terminated  in  a  50-ohm  load. 

The  measures  VSWR  response  of  botii  the  axial  and  transverse  dipoles 
for  several  dipole  -  to  -  re  fleeter  spacing#  is  shown  in  Fig.  32.  In  all  cases, 
the  overall  VSWR  response  of  the  axial  dipoles  appears  to  be  slightly  better 
than  that  of  the  t  ran.  -  v<>  i  sc  dipoles.  This  is  believed  to  be  flue  to  the  difference 
in  coupling  etlev.s.  1  should  be  mentioned  that  the  V.VA  K  o t  the  individual 
dipoles  in  the  nall-s  :uL  model  was  greater  than  that  tor  the  full-scale  model 
becmiSi  the  <lij.  ■  <;  eteis  wore  not  si-. a  led  exactly:  i.e.,  the  individual 

•dre  -g  r  »d  blind  s  iscii  m  tin-  hall  -  si  ale  model  array  ha*!  an  e  1  lei  Li-,  e  diameter 
ol  0.  IS)  in  ( l-'j  -4  )  a  It  hough  t-l/M  in.  is  recmnrnei.di-fl  tor  the  t  ull  -  scale  model 
ar  ra\  ;  ig.  35,  Section  IN).  I  he  VSWR  characteristics  ol  a  t'lll-scale  v.ire- 
g-.d,  flat  -  s  li'i-  v  i-  dipole  arc  1 1 c  u  s  sed  mi  Sr,  turn  IV. 

coupling  mi  a  su re r. lent s  va-  re  conducted  on  a  group  ot  jour  elements 
tJ  X  2  array)  excited  t  j  '  circular  polarisation.  I  lie  i  na  gniluue  ui  i  oupiing 
was  measured  at  the  input  port  of  each  element  with  the  other  throe  excited  i 

and  the  remaining  20  elements  in  the  array  terminate*!  in  matciod  loa*is.  A 
phasing  cable  wild  an  equivalent  phase  delay  ui  2s  deg  at  -1  :H)  Mil/,  was  Used 
to  pro\i*le  a  phase  ditto  rertial  between  hie  c  i  r  cut  1 1  ie  re  n  liai  clen.c-nts,  J  he 
measurements  were  mam  in  an  aneehoie  >  ham  »e  r  to  l'l-cuce  t!ie  eiieets  iron-, 
su  r  i-ounci ing  objec  t  s  . 

I  he  me  asured  coupling  versus  :  requeue  y  tor  an  axial  dipole  spacing  of 
22  in.  is  shown  in  Fig.  33.  The  reference  reading  was  taken  a-  the  input 
power  to  one  element.  At  each  rrequency,  tin  circles  represent  tile  average 
coupling  value  of  the  four  elements;  llu-  bars  indicate  the  range  of  variations. 

On  the  average,  the  measured  coupling  ranges  irum  about  -  1 1>  db  at  the  low 
enfl  of  tile  frequency  band  to  about  -  24  dlt  at  the  high  end.  !  he  VSWR,  response- 
at  each  element  was  also  measured  with  the  other  three  elements  terminated 
in  an  open  circuit,  short  circuit,  or  a  matched  loan.  No  discernible  change 
wa  s  o  bs  e  r  .  e a  . 
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Figure  32.  VSWR  Characteristics  of  Individual  Open -Sleeve 
Dipoles  in  the  Hall-Scale  Model  Array  for 
Various  Di  pole -to-Rellector  opacities  and  an 
Axial  Dipole  Spacing  of  20  in. 


OTHER  INVESTIGATIONS 


C  . 

1.  SHADOWING 

The  objective  of  the  wire -grid  configuration  was  to  minimize  shadowing 
of  the  solar  cells  caused  by  the  radiating  elements.  As  previously  mentioned, 
this  construction  simulates  a  metallic  surface.  The  full-scale  crossed,  open- 
sleeve  dipole  mounted  on  a  partial  cylinder  of  approximately  84-in.  diam  is 
shown  in  Fig.  34.  The  effects  of  shadowing  on  the  satellite  surface  arc  shown 
for  two  aspect  angles.  The  dielectric  supports  for  the  dipoles  and  sleeves 
are  constructed  of  lucite  in  order  to  simulate  quart/,  in  the  final  antenna. 
Shadowing  is  shown  from  all  the  edges.  The  dipole  shadow  reveals  a  minimum 
of  four  and  as  many  as  eight  wires.  The  worst  shadowing  occurs  from  the 
balun,  which  produces  a  shadow  as  wide  as  0.43  in.  The  holes  for  the  dipoles 
and  the  slits  for  the  sleeves  would  be  eliminated  tn  the  final  model.  Instead, 
tlie  wires  would  be  passed  through  holes  in  the  quartz  material.  This  would 
reduce  the  shadowing  by  the  dielectric  edges. 

The  w'orst-case  shadowing  should  be  a  consideration  in  the  design  of 
the  solar  cell  array.  The  length  of  tin  e  the  shadow  persists,  the  time  con¬ 
stant  of  the  solar  cell  subsystem,  the  expected  loss  in  power,  and  other 
deleterious  effects  should  be  investigated  and  methods  established  for  resolving 
the  problems. 

2.  OMNIDIRECTIONAL  PATTERN  FOR  FAIL-SAFE  MODE 

As  mentioned  in  Section  IIA,  the  antenna  system  can  be  provided  with 
a  fail-safe  mode  of  operation.  Provisions  can  be  made  for  switching  the 
antenna  to  yield  an  omnidirectional  pattern  in  the  event  of  failure  in  the  sensing* 
logic,  and  switching  circuitry.  System  gain  would  naturally  be  less  (o  to  <  0  d  13 ) 
than  normal.  However,  certain  communication  links  would  still  be  provided 
between  the  satellite  and  the  high-performance  terminals. 

Preliminary  equatorial  plane  pattern  computations  indicated  a  deviation 
from  circularity  of  less  than  ±  0.  3  dB  at  225  to  300  MHz  (full  -scale)  and 
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±1.5  dB  at  400  MHz.  If  we  assume  that  the  pattern  is  omnidirectional,  then 
the  loss  in  directivity  is  the  factor  described  in  Eq.  (4)  or  the  directivity 
of  the  array  is  equal  to  (Fig.  2  5). 


j 


a  SUNLIGHT  OIRECTLY  OVERHEAD 


b.  SUNLIGHT  AT  AN  ANGLE 


Figure  34.  Photographs  of  Full- 
Scale  Wire -Grid 
Dipole  and  its 
Shadow 
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IV.  FULL-SCALE  ANTENNA  CONFIGURATION 


A.  MECHANICAL  CONSIDERATIONS 

A  brief  study  was  devoted  to  the  mechanical  design  problems 
associated  with  the  full-scale  antenna  using  an  open-sleeve  dipole  as  the 
basic  radiating  element.  Although  no  comparison  was  made  between  the 
open-  and  conventional- sleeve  dipcles,  it  appears  that  either  should  provide 
nearly  equivalent  electrical  characteristics.  In  order  to  determine  the 
mechanical  advantages  of  the  two  sleeve  dipole  arrangements,  an  in-depth 
study  would  be  required  of  all  the  launch,  stowage,  and  space  environments 
as  well  as  fabrication  techniques.  The  open- sleeve  dipole  was  selected  for 
the  experimental  work  for  the  sake  of  ease  in  making  adjustments  of  the 
antenna  parameters  and  because  of  a  simpler  fabrication  procedure.  The  pre¬ 
sent  flat-sleeve  dipole  is  an  outgrowth  of  the  initial  study  of  crossed,  open- 
sleeve  dipoles,  which  used  a  tick-tack-toe  sleeve  arrangement  (Ref.  3). 

The  dimensions  of  the  full-scale  wire-grid  flat-sleeve  dipole  are 
shown  in  Fig.  35.  A  full-scale  laboratory  model  was  constructed  for  use  in 
making  VSWR  tests  and  for  studying  the  effects  of  shadowing  (Fig.  34).  The 
dipole  is  20.2.  in.  long  and  consists  of  eight,  20-mil  diam  wires  equally 
spaced  on  a  1.50-in.  diam  circle,  ihe  "wire  cage,  "  which  simulates  a  solid 
metal  surface,  has  an  effective  diameter  of  1.13  in.  The  dimensions  shown  in 
Fig.  3  5  are  considered  to  be  nominal  because  some  slight  modifications  may 
be  required  for  optimization  of  the  electrical  characteristics. 

In  the  recommended  configuration,  clear  quartz  is  used  for  the  sleeve 
supports  in  order  to  minimize  shadowing  of  the  solar  cells.  It  is  also  recom¬ 
mended  that  the  quartz  edges  have  sharp  corners  in  order  to  minimize  the 
shadow  area  created  from  the  edges.  If  desired,  the  sleeve  can  also  be 
secured  to  the  balun  structure  by  a  dielectric  material.  The  dipole  wires 
and  sleeve  w-ires  are  passed  through  the  quartz  material  by  way  of  21 -mil 
diam  holes.  The  feed  point  vicinity  demands  special  design  considerations 
because  it  must  be  rigidly  secured,  and  the  copper  and  teTon  portion  of  the 
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coaxial  cable  must  be  protected  from  the  radiation  environment.  Thus,  a 
quartz  cylindrical  cap  filled  with  foam  is  suggested. 

The  balun  consists  of  a  coaxial  feed  section  and  a  metal  tube  for  the 
second  arm.  This  tube  should  be  used  as  the  main  mechanical  support  for 
the  dipole  assembly.  Because  there  is  a  balun  for  each  dipole,  two  structural 
tubes  are  available  for  the  cantilever  beam  design. 

Any  additional  supports  that  may  be  required  for  protection  of  the  dipole 
assembly  during  launch  were  not  considered  in  the  present  study.  Further¬ 
more,  the  concepts  presented  in  Fig.  35  were  given  only  a  cursory  evalua¬ 
tion  in  determining  the  survivability  of  the  dipole  assembly  in  a  space  and 
potential  nuclear  environment. 

B.  ELECTRICAL  PERFORMANCE  CHARACTERISTICS 

The  electrical  performance  characteristics  of  a  full-scale,  anienna  are 
projected  here  on  the  basis  of  the  results  obtained  from  the  half-scale  model 
measurements.  The  basic  radiating  element  is  a  crossed,  wire-grid  dipole 
with  flat,  open  sleeves,  although  closed- sleeve  dipoles  may  also  be  used  and 
would  probably  provide  equivalent  electrical  performance. 

The  VSWR  characteristics  of  a  full-scale  laboratory  model  of  a  wire- 
grid  dipole  with  flat  sleeves  are  shown  in  Fig,  36.  The  dimensions  are  as 
given  in  Fig.  35.  The  measurements  were  made  with  the  dipole  mounted  on 
a  partial  cylindrical  surface  of  84-in.  diam  (Fig.  34).  The  VSWR  is  less  than 
2.5:1  over  the  operating  frequency  range  of  225  to  400  MHz.  As  mentioned  in 
Section  IIIB,  the  VSWR  response  of  the  full-scale  model  is  flatter  than  that 
obtained  for  the  half-scale  model  because  the  effective  dipole  diameter  of 
the  half-scale  model  is  slightly  less  than  half  that  of  the  full-scale  model. 
However,  the  VSWR  data  of  Fig.  36  indicate  that  the  dipole  and  sleeve 
parameters  have  not  yet  been  optimized  and  can  be  further  improved. 

For  example,  the  maximum  VSWR  of  2.5:1  at  mid-band  can  be  reduced 
by  varying  the  length  of  the  sleeves.  The  VSWR  at  the  band  edges  wi  11  be 
slightly  increased  (Ref.  3),  and  a  flatter  VSWR  response  will  be  pro¬ 
vided  over  the  desired  operating  frequency  band.  However,  this  optimization 
procedure  has  not  been  performed  because  of  the  lack  of  time. 
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Figure  36.  VSWR  Response  of  a  Full-Scale  Wire-Grid  Dipole  With 
Flat  Sleeves.  Cage  diameter  =  1-1  /Z  in.;  effective 
diameter  =  1-1/8  in. 
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The  radiation  pattern  characteristics  of  the  full-scale  antenna  are 
expected  to  be  identical  to  those  of  the  half- scale  antenna.  The  equatorial 
and  polar  plane  radiation  patterns  at  225,  300,  and  400  MHz  are  shown  in 
Figs.  37  and  38,  respectively.  These  patterns  were  obtained  from  the  half- 
scale  model  measurements  (Section  I1IA).  The  axial  dipole  spacing  is  40  in. , 
and  an  azimuth  phasing  cable  with  an  equivalent  phase  delay  of  2  5  deg  at  22  5 
MHz  is  used.  The  corresponding  phase  delays  at  300  and  400  MHz  are  33 
and  44  deg,  respectively.  The  relative  beam  switching  positions  (Si  and  S2) 
in  the  equatorial  plane  are  also  shown  in  Fig.  37.  The  decrease  in  gain  at 
EOE  is  a  measure  of  the  pattern  level  relative  to  the  beam  peak  at  8.65  deg 
from  the  beam  switching  positions.  In  the  polar  plane,  the  decrease  in  EOE 
gain  is  given  by  the  relative  pattern  level  at  ±  8.65  deg  from  the  beam  peak. 

The  decrease  in  gain  at  EOE  as  a  function  of  frequency  in  the  two  planes  is 
shown  in  Fig.  18  . 

The  directivity  of  the  full-scale  antenna  as  derived  from  the  half-scale 
measurements  is  given  in  Fig.  17.  A  comparison  of  the  measured  directivity 
with  that  obtained  from  4 tt  integration  of  the  measured  radiation  patterns  is 
also  given.  The  difference  is  attributed  to  the  antenna  ohmic  as  well  as  other 
unaccountable  losses.  On  the  average,  the  antenna  loss  is  0.28  dB. 

The  antenna  gain  is  obtained  by  subtracting  the  losses  from  the 
directivity.  The  estimated  total  antenna  system  losses  (up  to  the  diplexer 
input)  are  shown  in  Fig.  39  as  a  function  of  frequency.  The  various  contribu¬ 
tions  are  summarized  in  Table  4.  The  projected  antenna  gain  (beam  peak  and 
EOE)  for  the  full-scale  antenna  is  shown  in  Fig.  40.  The  antenna  meets  the 
specified  gain  requirements  delineated  in  Section  I1A. 

An  exemplary  feeding  arrangement  for  the  full-scale  antenna  is  described 
in  Ref.  11.  The  switching  network  is  similar  to  that  of  the  LES-6  antenna 
system  (Ref.  12).  A  block  diagram  of  the  switching  network  is  shown  in 
Fig.  41.  Since  the  system  has  12  radiating  elements  around  the  circumference 
of  the  satellite  instead  of  eight,  SP6T  switch  elements  are  substituted  in  place 
of  the  SP4T  switch  elements  used  in  the  LES-6  system,  and  four  switches  are 
used.  This  arrangement  reduces  the  power-handling  requirement  ox  the 
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Figure  37.  Equatorial  Plane  Radiation  Patterns  for  225,  300 
400  MHz  From  Half-Scale  Model  Measurements 
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individual  switches,  minirni/.es  diode  heating,  and  reduces  the  inte rmodulation 
level.  The  increase  in  weight  from  the  use  of  lour  switches  is  offset  by  the  * 

ewer  number  of  hybrids  required  for  the  overall  feed  network. 

The  power  loss  through  the  switching  network  for  the  antenna  system 
i>  assumed  to  be  the  same  as  for  the  i.KS-6  .system,  I  he  performance  ot  a 
!  ES-6  backup  switch  (obtained  from  the  MI  I  Lincoln  Laboratory)  was  mea- 
■  aired  over  the  22 f>  to  *100  Ml!/  band  and  the  resu’ts  reported  in  Ref.  1  1  . 


V.  SUMMARY  AND  CONCLUSIONS 


A  circularly  polarized,  electronically  despun  antenna  system  has  been 
developed  for  use  on  spin- stabilized  satellites  at  synchronous  altitude.  The 
antenna  consists  of  24  wideband  radiating  elements  arranged  to  form  two 
circular  arrays  of  12  elements  equally  spaced  around  the  circumference  of  an 
84-in.  diam  satellite.  Only  a  2  X  2  array  is  used  at  any  one  time.  By  means  of 
electronic  sequential  switching  and  phasing,  the  beam  can  be  scanned  through 
24  equally  spaced  positions  about  the  spin  axis  of  the  satellite.  A  sensor- 
controlled  switching  logic  can  be  used  to  point  the  beam  toward  the  earth  as 
the  satellite  rotates. 

The  basic  radiating  element  is  a  crossed  dipole  with  flat,  open  sleeves, 
and  the  antenna  system  is  capable  of  operation  over  a  frequency  band  of  1.8:1 
(225  to  400  MHz).  Both  the  dipoles  and  the  sleeves  are  of  wire-grid  construc¬ 
tion,  which  minimizes  shadowing  of  the  solar  cells.  For  the  experimental 
model,  the  measured  VSWR  of  an  individual  dipole  is  less  than  2.5:1  over  the 
operating  bandwidth. 

The  recommended  switching  network  for  the  antenna  system  is  similar 
to  that  used  in  the  LES-6  system  with  slight  modifications.  Laboratory  mea¬ 
surements  of  a  LES-6  switch  unit  (obtained  from  the  MIT  Lincoln  Laboratory) 
have  indicated  satisfactory  performance  over  the  entire  225  to  400  MHz  band 
(Ref.  11). 

Results  of  pattern  and  directivity  measurements  made  on  a  half-scale 
model  of  the  antenna  system  have  indicated  that  the  full-scale  antenna  can 
adequately  meet  the  specified  EOE  gain  requirements  as  summarized  below. 

Goal  Achieved 

225  -  250  MHz  9.0  dB  >9.3  dB 
250  -  400  MHz  6.0  dB  >8.5dB 


-63- 


REFERENCES 


R.  N.  Assaly,  M.  E.  Devane,  B.  F.  LaPage,  M.  L.  Rosenthal,  and 
A.  Sotiropoulos ,  LES-6  Antenna  System,  Technical  Report  No.  465, 

ESD- TR- 69-43 ,  DDC  AD  693  197,  MIT  Lincoln  Laboratory,  Lexington, 
Mass.  (10  March  1969). 

M.  L.  Rosenthal,  M.  E.  Devane,  and  B.  F.  LaPage,  "VHF  Antenna 
System  for  Spin-Stabilized  Satellites,"  IEEE  Trans.  Antennas  and 
Propagation  AP-  1 7 ,  443-451  (July  1  969). 

H.  E.  King  and  J.  L.  Wong,  An  Experimental  Study  of  a  Baiun-Fed, 
Open-Sleeve  Dipole  in  Front  of  a  Metallic  Reflector,  TR  -  0 1 7  Z  (2158 )- 3  , 

The  Aerospace  Corporation,  El  Segundo,  Calif.  (25  August  1971); 
also,  IEEE  Trails.  Antennas  and  Propagation  AP-20,  201-204  (March 
1972. 

H.  E.  King  and  J.  L.  Wong,  Wideband  V’HF-UHF  Antenna  Systems  for 
Communication  Satellites,  TR  -  0172  (2 1  58 )- 2 ,  The  Aerospace  Corporation, 
El  Segundo,  Calif.  (3  February  1972). 

E.  L.  Bock,  J.  A.  Nelson,  A.  Dome,  "Sleeve  Antennas,  "  Very  High 
Frequency  Techniques,  Ed.  H.  J.  Reich,  Radio  Research  Lab.,  Harvard 
T'niversity,  McGraw-Hill  Book  Co.,  New  York  (1947),  p.  123. 

H.  B.  Barkley,  The  Open-Sleeve  as  a  Broadband  Antenna,  Technical 
Report  No.  14,  DDC  AD  82  036,  U.  S.  Naval  Postgraduate  School, 
A'lonterey,  Calif.  (June  1  955). 

S.  A.  Schelkunoff  and  H.  T.  Friis,  Antennas:  Theory  and  Practice, 

John  Wiley  and  Sons,  Inc.,  New  York  (1952),  p.  110, 

R.  B.  Dybdal,  H.  E.  King,  J.  L,  Wong,  and  C.  O.  Yowell,  Performance 
of  a  90-Foot  Quasi-Tapered  Anechoic  Chamber:  120  MHz  to  93  GHz, 
TR-0059(6230-30)-4,  The  Aerospace  Corporation,  El  Segundo,  Calif . 

(3  September  1970). 

A.  Chlavin,  "A  New  A.ntenna  Feed  Having  Equal  E-and  H-Plane  Patterns," 
IEEE  Trans.  Antennas  and  Propagation  AP-2 ,  113-119  (July  1  954). 

H.  E.  King,  J.  L.  Wong,  and  C.  J.  Zainites,  Feasibility  Study  of  Shaped- 
Beam  Antennas  for  the  Defense  Communication  Satellite  Program, 
TDR-269(4  1  1  1 )- 12,  The  Aerospace  Corporation,  El  Segundo,  Calif. 

(27  November  1964). 


PRECEDING  PAGE  BLANK~1»T  FILMED  -65- 


R.  B.  Dybdal,  D.  G.  Coder,  and  H.  E.  King,  LES-6  Antenna  Switch 
Characteristics  over  the  Extended  Frequency  Range  of  225  to  400  MHz, 
TOR-0172  (2158  )-7 ,  The  Aerospace  Corporation,  El  Segundo,  Calif. 

(15  November  1971). 

R.  N.  Assaly,  Development  of  UHF  Switch  for  LES-6  Satellite, 
Technical  Report  No.  473,  MIT  Lincoln  Laboratory,  Lexington,  Mass. 
(4  December  1969). 


UNCLASSIFIED 


Security  Classification 


DOCUMENT  CONTROL  DATA  -  R  &  D 

("Secur/fr  ctassillcation  of  till*,  body  of  abstract  and  indexing  annotation  must  be  antared  whan  tha  overall  report  Is  classified; 

»  ORiqinatinC  activity  (Corpotata  author) 

The  Aerospace  Corporation 

El  Segundo,  California 

2«  REPORT  SECURITY  CLASSIFICATION 

Unclas  sified 

26  GROUP 

»  title 

225-400  MHZ  ANTENNA  SYSTEM  FOR  SPIN -STABILIZED  SYNCHRONOUS 
SATELLITES 

4  Descriptive  NOTES  (Type  of  raport  and  Inclusive  dates) 

i  AUTMORIS)  (Firm  1  nmmm,  middtm  Initial,  Imml  nmmm) 

Howard  E.  King  and  Jimmy  L.  Wong 

6  REPORT  0*  TF 

72  MAR  15 

7  a  TOTAL  NO  OF  PAGES  7  b  NO  OF  REFS 

69  12 

6*  CONTRACT  OR  GRANT  NO 

F04701-71-C-0172 

h  PROJ  EC  T  NO 

c 

d 

9*1  ORIG'NATOR'S  REPORT  NUMBER'.*)' 

TR-0  1  72(2  1  62)-  1 

96  otw£R  REPORT  n  OfS,)  f  A  n\  uther  numbers  that  me  y  be  a  «  s  i  gner 
this  raport) 

SAMSO-TR-72  -  7  7 

10  DISTRIBUTION  STATEMENT 

Distribution  limited  to  U.S.  Gov’t,  agencies  only;  Test  and  Evaluation,  15  March 

1  972.  Other  requests  for  this  document  must  be  referred  to  SAMSO  (SK). 

tl  SUPPLEMENTARY  NOTES 

W  SPONSORING  MIL!  T  ARY  ACTIVITY 

Space  and  Missile  Systems  Organization 

Air  Force  Systems  Command 

Los  Angeles,  California 

l).  Hirmci 


A  wideband,  circularly  polarized  antenna  system  has  been  developed  for  use 
on  spin-stabilized  synchronous  satellites.  The  satellite  is  assumed  to  be  a 
right-circular  cylinder  of  84-in.  diam  and  77,  3-in.  height.  The  antenna 
consists  of  two  circular  arrays  of  1Z  radiating  elements  equally  spaced  around 
the  circumference  of  the  satellite.  The  axial  spacing  between  the  two  arrays 
is  40  in.  The  basic  radiating  element  is  a  crossed  dipole  with  flat  open  sleeves 
and  the  VSWR  is  less  than  2.5:1  over  a  1.8:1  frequency  band  (225  tc  400  MHz). 
Both  the  dipoles  and  sleeves  arc:  of  wire-grid  construction  for  minimization  of 
solar  cell  shadowing.  The  electrical  performance  of  the  antenna  is  established 
on  the  basis  ol  halt-scale  model  measurements.  It  is  shown  that  the  antenna 
can  provide  an  EOE  gain  (gain  in  the  direction  of  the  edge  of  the  earth)  of  more 
than  9.  3  dB  from  225  to  250  MHz  and  at  least  8.  5  dB  from  250  to  400  MHz. 
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